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I Introduction: neutrinos in the Universe
I Beyond the solar system

I Questions:
I Neutrino masses
I Nature of the neutrino: Dirac of Majorana?
I Sterile neutrinos?
I BSM neutrino interactions
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I Cosmological ! (C!B)
I' Non-relativistic!

I Supernova ! "'#

I '1"10 s burst, thermal
#! "0 MeV

I T ™ detection per century

I HE (quasi-) diffuse !
I >0.1 PeV,
I Hadronic origin
I Some from Active galaxies
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| Oscillations: Normal Inverted
I’nheaviest>o'05 eV v B A — l o ’
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Fig: Dvorkin et al., White paper for Astro2020 Decadal Survey
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| Physical origin? $ | %&'(JH#(+,&-".,/#,043%"()#1()'-)2%'.,/3

I perturbations suppressed on scales smaller than the ! free-streaming length: ()* +
-%
v

I Robustness?
I E.g., degeneracy with Dark Energy density at low redshifts

I Synergy with lab tests: different combinations of masses and mixings

mee=|$1 . 0/&%&2 me=$1 | /&lo%& mtot=$1 %&

I Future consensus? or tensions revealing BSM physics?
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Neutronization: e +p! n +!
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highE — 10 LILILIL lllll 1 llllllll 1 llllllll 1 rrrrr
T 10t
341 '5657'8"( el )< : s 100 /TN
' TR ) 5e F -1/ s
_ o 1072 '
I Look for time S 1p-3 j
distortion of I ms long 104 ;
neutronization peak ~ Ty B e

I 1 eV sensitivity t post-bounce (S)

I 4567, JUNO, Super-K
Fig: Roberts and Reddy, Handbook of Supernovae, Springer Intl., 2017
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I Capture on beta-decaying nuclei
le+3H ! SHe+ €
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| excess electrons
I ~2 m, beyond A-decay endpoint

.PUsy julodpuakedap-¢g

| Rate depends on Dirac/Majorana ,
nature Electron Kinetic Energy

S. Weinberg, Phys.Rev. 128 (1962) 1457-1473 Fig: A.Long, C.L., E. Sabancilar, JCAP 1408 (2014) 038
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"coB ="0o N('hg)+N('h, ) N
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n M =2 N - | ~

ctg = 4£P0NoNTi ~81yr ' nlln)=nNo

n('nr) = No

(rates for 100 g of 3H)

A.Long, C.L., E. Sabancilar, JCAP 1408 (2014) 038 ; see also Lisanti, Safdi and Tully, PRD90 (2014) 7, 073006
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I Non-photon radiation density, v o
in neutrino units: e S T T
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Fig: Griazzo, De Salas & Pastor: JCAP 07 (2019) 014



I Example: self-interacting !, 14

: — Gy =10G
I Coupling stronger than 1ol - -Gy =102G;
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Fig: Hannestad , Hansen & Tram, PRL112, 031802 (2014)
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v decay scenario v, energy spectrum
| Integrated flux from all vy 7,  complete decoy |
. . 3o T/m=7x10"s/eV
supernovae in the universe - —— 1o decay |
I Constant in time (no wait!) o :
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PR R I S -
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Fig: Fogli, Lisi, Mirizzi and Montanino, PRD 70 (2004) 013001
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Fig: V. B. Valera, talk at Astropart. Symp. 2021, Saclay
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| it gives us neutrinos that we just can’t make
I Non-relativistic v
I Thermal v

I High and Ultra-high energy v

I Cosmologically old v (longest base line ever)

I vinteracting with v

I The aim is not precision but synergy
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